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[Document] Specification 



[Title of the Invention] Reflective Color Liquid Crystal Device 
[What Is Claimed Is] 

[Claim 1] A reflective color liquid crystal device comprising a 
pair of opposing substrates having electrodes on the inside, a 
liquid crystal sandwiched between said substrates, at least two 
colors of color filters, at least one polarizing plate, and a 
reflector, characterized in that any of said color filters has a 
transmissivity of 30% or more for the light of all the 
wavelengths in the range of 450nm to 660nm. 

[Claim 2] A reflective color liquid crystal device [sic: as 
defined in Claim 1], characterized in that any of said color 
filters has a transmissivity of 50% or more for the light of all 
the wavelengths in the range of 450nm to 660nm. 

[Claim 3] A reflective color liquid crystal device [sic: as 
defined in Claim 1], characterized in that any of said color 
filters has a transmissivity of 60% or more for the light of all 
the wavelengths in the range of 450nm to 660nm. 

[Claim 4] A reflective color liquid crystal device as defined in 
Claim 1, characterized in that any of said color filters has a 
transmissivity of 70% or more for the light of all the 
wavelengths in the range of 450nm to 660nm. 

[Claim 5] A reflective color liquid crystal device as defined in 
Claim 1, characterized in that any of said color filters has a 
transmissivity of 75% to 90% for the light of all the wavelengths 
in the range of 450nm to 660nm. 

[Claim 6] A reflective color liquid crystal device as defined in 
Claim 1, characterized in that the colors of adjacent dots are 
arranged so as to be different. 

[Claim 7] A reflective color liquid crystal device as defined in 
Claim 1, characterized in that said color filters have in the 
region outside the dots an absorption less than or equal to that 
in the region inside the dots. 

[Claim 8] A reflective color liquid crystal device as defined in 
Claim 1, characterized in that said color filters are composed of 
two mutually complementary colors. 

[Claim 9] A reflective color liquid crystal device as defined in 
Claim 1, characterized in that said color filters are composed of 
the three colors, red, green, and blue. 



[Claim 10] A reflective color liquid crystal device as defined 
in Claim 1, characterized in that the thickness of the substrate 
on the side adjacent to the reflector among said two substrates 
is made less than two times the dot pitch in the vertical 
direction of the panel. 

[Claim 11] A reflective color liquid crystal device as defined 
in Claim 1, characterized in that said reflector has weak 
scattering properties whereby 80% or more of the light is 
reflected inside a 30° cone centered on its direction of mirror 
reflection when a beam of light is introduced into it, 

[Claim 12] A reflective color liquid crystal device as defined 
in Claim 1, characterized in that said reflector is a 
transf lector, and is provided with a backlight behind it. 

[Claim 13] A reflective color liquid crystal device as defined 
in Claim 1, characterized in that said liquid crystal is a 
nematic liquid crystal twisted 90°, and two polarizing plates are 
placed such that their transmissive axes are perpendicular to the 
rubbing directions of the respectively adjacent substrates. 

[Claim 14] A reflective color liquid crystal device as defined 
in Claim 13, characterized in that the product Anxd of the 
birefringence An of the liquid crystal and the thickness d of 
the liquid crystal layer is 1.3|4itt to 1.4nm. 

[Claim 15] A reflective color liquid crystal device as defined 
in Claim 1, characterized in that said liquid crystal is a 
nematic liquid crystal twisted 90° or more, and at least one 
retardation film is placed between the two polarizing plates. 

[Claim 16] A reflective color liquid crystal device as defined 
in Claim 1, characterized in that said reflector is provided 
between a pair of substrates, and only one polarizing plate is 
placed. 

[Claim 17] A reflective color liquid crystal device as defined 
in Claim 13, Claim 15 or Claim 16, characterized in that the 
molecules in the center of said liquid crystal layer stand up 
from the side of the observer when applied with voltage. 

[Claim 18] A reflective color liquid crystal device as defined 
in Claim 1, characterized in that one dot composes one pixel. 

[Detailed Description of the Invention] 



[0001] 



[Field of the Invention] 

The present invention relates to a reflective liquid crystal 
device. 

[0002] 

[Prior Art] 

The displays mounted on small-scale portable information 
terminals such as a PDA (Personal Digital Assistant) at present 
are almost all monochrome reflective STN (Super Twisted 
Nematic) liquid crystal. The need for a color display also is 
high/ but in a conventional transmissive liquid crystal device, 
which requires a backlight, the power consumption is great, and 
it is not oriented toward portability. Accordingly, a liquid 
crystal device capable of color display using a reflective liquid 
crystal is strongly expected. 

[0003] 

The development of a reflective color liquid crystal device 
was begun in earnest from the mid-1980s. Before then, it was 
thought that with any type of liquid crystal mode, such as in 
Japanese Laid-Open Patent No. 50-80799, whether transmissive or 
reflective, color display was only possible by providing a 
primary color filter to it. Nevertheless, a transmissive color 
liquid crystal device does not function as a reflective color 
liquid crystal device by only providing a reflector. The number- 
one question is how to assure a practical brightness. 

[0004] 

The widely-used TN (Twisted Nematic) and STN modes make at 
least half of the light useless because a polarizing plate is 
necessary. In an article by Mr. Tatsuo Uchida, et al. (IEEE 
Transactions on Electron Devices, Vol. ED-33, No. 8, pp. 1207- 
1211 (1986)), a comparison of various types of liquid crystal 
devices was performed as shown in its Fig. 2, and as a result, 
the PCGH (Phase Change Guest Host) mode, which does not require a 
polarizing plate, was selected. Also, in Japanese Laid-Open 
Patent No. 5-241143 as well, the PDLC (Polymer Distribution 
Liquid Crystal) mode, which does not require a polarizing plate, 
was selected in order to implement a reflective color liquid 
crystal device. Thus, the conventional belief was that a liquid 
crystal display mode using a polarizing plate was not suitable 
for a reflective color liquid crystal device. 



[0005] 



When thinking of improving brightness, the important 
viewpoint in addition to the liquid crystal display mode is the 
color design of the color filters. Conventionally, the color 
filters used in a transmissive color liquid crystal device had 
spectral properties as shown in Fig. 20. In Fig. 20, the 
horizontal axis is the wavelength of the light, the vertical axis 
is the transmissivity, 21 is the spectrum of a red filter, 22 is 
the spectrum of a green filter, and 23 is the spectrum of a blue 
filter. While there may be individual differences, the light 
capable of being sensed by a human is within the wavelength range 
of 380nm to 780nm, and the visual sensitivity is high within the 
wavelength range of 450nm to 660nm in particular. The color 
filters of Fig. 20 all have a transmissivity at 10% or less 
within this range, and most of the light is made useless. Also, 
if the average transmissivity is defined as the simple average of 
the transmissivity within this wavelength range, the average 
transmissivity of the red filter was 28%, that of the green 
filter was 33%, and that of the blue filter was 30%. Brighter 
filters are necessary for use in a reflective color liquid 
crystal device. 

[0006] 

Regarding the color filters proposed in Fig. 8 of the 
aforementioned article by Mr. Tatsuo Uchida, et al., two colors 
being in a mutually complementary relationship were used, and 
efforts were made so that they would become brighter than three 
colors. Their spectral properties are shown in Fig. 21. In Fig. 
21, the horizontal axis is the wavelength of the light, the 
vertical axis is the reflectivity, 22 is the spectrum of a green 
filter, and 26 is the spectrum of a magenta filter. Comparison 
is difficult since the vertical axis is represented by 
reflectivity, but if the transmissivity is presumed simply to be 
square root of the reflectivity at each wavelength, then the 
transmissivity of either of the color filters had wavelengths 
whereby the transmissivity becomes 10% or less within the 
wavelength range of 450nm to 660nm. Also, the average 
transmissivity of the green filter was 41%, and that of the 
magenta filter was 48%. 

[0007] 

Also, an article by Mr. Seiichi Mitsui, et al. (SID 92 
DIGEST, pp. 437-440 (1992)) related to a reflective color liquid 
crystal device having used the same PCGH mode, but they used two 
bright color filters as shown in Fig. 2. Their spectral 
properties are shown in Fig. 22. In Fig. 22, the horizontal axis 
is the wavelength of the light, the vertical axis is the 
reflectivity, 22 is the spectrum of a green filter, and 26 is the 



spectrum of a magenta filter. The vertical axis is represented 
by reflectivity, but if the transmissivity is presumed similarly 
to be square root of the reflectivity at each wavelength, then 
the transmissivity of at least the green filter was less than 50% 
at wavelengths of 470nm or less. Also, the average 
transmissivity of the green filter was 68%, and that of the 
magenta filter was 67%. 

[0008] 

Also, regarding the color filters proposed in Figs. 2(a), 
(b) , and (c) of Japanese Laid-Open Patent No. 5-241143, the three 
colors, yellow, cyan, and magenta, were used rather than the 
three colors, red, green, and blue. Their spectral properties 
are shown in Fig. 23. In Fig. 23, the horizontal axis is the 
wavelength of the light, the vertical axis is the reflectivity, 
24 is the spectrum of a yellow filter, 25 is the spectrum of the 
cyan filter, and 26 is the spectrum of a magenta filter. 
Comparison is difficult since the vertical axis is represented by 
reflectivity, and because there are no graduations on the axis, 
but the maximum value of the reflectivity is considered to be the 
highest position at 100%, and the transmissivity is presumed 
simply to be square root of the reflectivity at each wavelength. 
Thus, the transmissivity of any of the color filters still had 
wavelengths whereby the transmissivity becomes 10% or less within 
the wavelength range of 450nm to 660nm. Also, the average 
transmissivity of the yellow filter was about 70%, that of the 
cyan filter was about 60%, and that of the magenta filter was 
about 50%. 

[0009] 

Thus, a conventional reflective color liquid crystal device 
was implemented by combining a bright liquid crystal mode not 
using a polarization plate and bright color filters. However, 
despite being called bright color filters, the color filters used 
had a wavelength whereby the transmissivity stopped at 50% within 
the wavelength range of 450nm to 660nm, and their average 
transmissivity was lower than 70%. 

[0010] 

[Problems the Invention Tries to Solve] 

Nevertheless, because such a conventional reflective color 
liquid crystal device did not use a polarization plate, there was 
a problem that a high contrast could not be obtained, and as a 
result, color reproduction was poor. For example, in the article 
by Mr. Tatsuo Uchida, et al., it is understood from page 128, 
right column, line 19 that the designed value of the contrast 



ratio is 1:5. Also, in the aforementioned article by Mr. Seiichi 
Mitsui, et al., it is understood from page 439, line 22 that the 
contrast ratio was only 1:3. Since the contrast ratio of a 
conventional transmissive color liquid crystal device is 1:100 or 
more, a contrast ratio of. 1:3 or k: 5 or less cannot compare. 
Also, whether the liquid crystal mode not using a polarizing 
plate is the PCGH mode or the PDLC mode, there are numerous 
problems in manufacturing and in the securing of reliability, and 
there is the big problem that it cannot be said to have been put 
to practical use yet. 

[0011] 

Therefore, the present invention has implemented a bright 
display by combining even brighter and weaker tinted color 
filters than the conventional, in addition to having assured a 
high contrast by selecting a liquid crystal mode which uses a 
polarizing plate. These color filters are of extremely weak 
tint, and they differ from those of the liquid crystal display 
panel proposed in Japanese Laid-Open Patent No. 50-80799 in the 
point that there is no purity any more than they can be called 
primary colors. Moreover, because a high contrast is achieved, a 
color display equal to a reflective color liquid crystal device 
using the conventional PCGH or PDLC mode becomes possible, and a 
sufficient brightness also can be assured. 

[0012] 

There are many liquid crystal display modes using a 
polarizing plate, but for the purpose of the present invention, a 
liquid crystal mode capable of bright black-and-white display is 
suitable, such as the TN mode proposed in Japanese Laid-Open 
Patent No. 51-013666, the retardation plate compensated STN mode 
proposed in Japanese Laid-Open Patent No. 3-50249, the single 
polarizing plate nematic liquid crystal mode proposed in Japanese 
Laid-Open Patent No. 3-223715, and the nematic liquid crystal 
mode that performs bistable switching proposed in Japanese Laid- 
Open Patent No. 6-235920. 

[0013] 

The aim of the present invention is to provide a reflective 
color liquid crystal device that is bright and has a high 
contrast, ratio by combining a liquid crystal display mode using a 
polarization plate and bright, weak-tinted color filters. 

[0014] 

[Means to Achieve the Object] 



The invention as defined in Claim 1 is a reflective color 
liquid crystal device, comprising a pair of opposing substrates 
having electrodes on the inside, a liquid crystal sandwiched 
between said substrates, at least two colors of color filters, at 
least one polarizing plate, and a reflector, characterized in 
that any of said color filters has a transmissivity of 30% or 
more for the light of all the wavelengths in the range of 450nm 
to 660nm. 

[0015] 

The invention as defined in Claim 2 is characterized in that 
any of said color filters has a transmissivity of 50% or more for 
the light of all the wavelengths in the range of 450nm to 660nm. 

[0016] 

The invention as defined in Claim 3 is characterized in that 
any of said color filters has a transmissivity of 60% or more for 
the light of all the wavelengths in the range of 450nm to 660nm. 

[0017] 

The invention as defined in Claim 4 is characterized in that 
any of said color filters has a transmissivity of 70% or more for 
the light of all the wavelengths in the range of 450nm to 660nm. 

[0018] 

The invention as defined in Claim 5 is characterized in that 
any of said color filters has a transmissivity of 75% to 90% for 
the light of all the wavelengths in the range of 450nm to 660niru 

[0019] 

The invention as defined in Claim 6 is characterized in that 
the colors of adjacent dots are arranged so as to be different. 

[0020] 

The invention as defined in Claim 7 is characterized in that 
said color filters have in the region outside the dots an 
absorption less than or equal to that in the region inside the 
dots . 

[0021] 

The invention as defined in Claim 8 is characterized in that 
said color filters are composed of two mutually complementary 
colors . 



[0022] 



The invention as defined in Claim 9 is characterized in that 
said color filters are composed of the three colors, red, green, 
and blue. 

[0023] 

The invention as defined in Claim 10 is characterized in 
that the thickness of the substrate on the side adjacent to the 
reflector among said two substrates is made less than two times 
the dot pitch in the vertical direction of the panel. 

[0024] 

The invention as defined in Claim 11 is characterized in 
that said reflector has weak scattering properties whereby 80% or 
more of the light is reflected inside a 30° cone centered on its 
direction of mirror reflection when a beam of light is introduced 
into it. 

[0025] 

The invention as defined in Claim 12 is characterized in 
that said reflector is a transf lector, and is provided with a 
backlight behind it. 

[0026] 

The invention as defined in Claim 13 is characterized in 
that said liquid crystal is a nematic liquid crystal twisted 90°, 
and two polarizing plates are placed such that their transmissive 
axes are perpendicular to the rubbing directions of the 
respectively adjacent substrates. 

[0027] 

The invention as defined in Claim 14 is characterized in 
that the product Anxd of the birefringence An of the liquid 
crystal and the thickness d of the liquid crystal layer is 1.3pm 
to 1.4|im. 

[0028] 

The invention as defined in Claim 15 is characterized in 
that said liquid crystal is a nematic liquid crystal twisted 90° 
or more, and at least one retardation film is placed between the 
two polarizing plates. 



[0029] 



The invention as defined in Claim 16 is characterized in 
that said reflector is provided between a pair of substrates, and 
only one polarizing plate is placed. 

[0030] 

The invention as defined in Claim 17 is characterized in 
that the molecules in the center of said liquid crystal layer 
stand up from the side of the observer when applied with voltage. 



[0031] 

The invention as defined in Claim 18 is characterized in 
that one dot composes one pixel. 



[0032] 

[Description of the Preferred Embodiments] 

The present invention is explained below based on the 
drawings . 



[0033] 



(Embodiment 1) 

Fig. 1 is a drawing showing the essential components of a 
reflective color liquid crystal device pertaining to the 
invention as defined in Claim 1 of the present invention. First 
the configuration is explained. 1 is an upper polarizing plate, 
2 is an opposing substrate, 3 is liquid crystal, 4 is an element 
substrate, 5 is a lower polarizing plate, and 6 is a scattering 
reflector. On opposing substrate 2 are provided color filters 7 
and opposing electrode (scan line) 8, and on element substrate 4 
are provided signal line 9, pixel electrode 10, and MIM element 
11. Here, 1 and 2, 4 and 5, and 5 and 6 are depicted as 
separated, but this is in order to clarify the drawing, and in 
actuality they are adhered with glue. Also, the interval between 
opposing substrate 2 and element substrate 4 is depicted as 
widely separated, but this is for the same reason, and in 
actuality there is only a gap of as little as several urn to 10|om 
or so. Also, because Fig. 1 shows the essential components of a 
reflective color liquid crystal device, only 3 x 3 = 9 pixels are 
shown, but in this embodiment, there may be more pixels than 
that, and there may be 480 x 620 = 3072 pixels or more. 



[0034] 



Opposing substrate 8 and pixel electrode are composed of 
transparent ITO, and signal line 9 is composed of metallic Ta. 
MIM element [11] is of a structure having sandwiched Ta 2 0 5 with 
metallic Ta and metallic Cr. Liquid crystal 3 is a nematic 
liquid crystal twisted 90°, and the upper and lower polarizing 
plates are intersected perpendicularly by the axis of light 
polarization. This is the general TN mode configuration. Also, 
color filters 7 consist of the two colors, red ("R" in the 
drawing) and cyan ("C" in the drawing) , being in a mutually 
complementary relationship, and they are arranged in a stripe 
pattern. 

[0035] 

Fig. 2 is a drawing showing the spectral properties of color 
filters 7. In Fig. 2, the horizontal axis is the light 
wavelength, the vertical axis is the transmissivity, 21 is the 
spectrum of a red filter, and 25 is the spectrum of a cyan 
filter. Spectroscopy was performed using a microspectrometer on 
the opposing substrate group, and the transmissivity of the glass 
substrate and transparent electrode was corrected to 100%. 
Below, the spectral properties of all the color filters were 
measured by this method. Also, the transmissivity in Claims 1 to 
5 is defined as the value specified by this method. The red 
filter and the cyan filter regularly show a transmissivity of 30% 
or more within the wavelength range of 450nm to 660nm. Also, the 
average transmissivity with the same wavelength range was 52% for 
the red filter and 66% for the cyan filter. Since these are 
extremely weak toned color filters, originally it would have been 
more correct to label "red" as "pink," but in order to avoid 
confusion, they are unified below by the strong color label. 

[0036] 

A reflective color liquid crystal device created in the 
above manner has a reflectivity of 24% and a contrast ratio of 
1:15 during white display. It is capable of four-color display, 
being white, red, cyan, and black. The red display color was x = 
0.39, y = 0.32, and the cyan display color was x = 0.28, y = 
0.31. This is about 60% of the brightness of a conventional 
reflective monochrome liquid crystal device and the same contrast 
ratio. These are sufficiently usable properties under normal 
room illumination or outdoors during the daytime. 

[0037] 

A reflective color liquid crystal device using color filters 
beyond the scope of Claim 1, that is, color filters showing a 
transmissivity not meeting 30% within the wavelength range of 



450nm to 660nm, even for a portion of the color filters, could 
not stand up to ordinary use either for the reason that the 
display was dark and required special illumination/ or because 
the white balance was screwy and white could not be displayed. 

[0038] 

In Embodiment 1, a structure that provides an opposing 
electrode on a color filter was selected, but, conversely, there 
is no particular obstacle to providing a color filter on an 
opposing electrode. Also, an MIM element was used as the active 
element, but this was because it is rather useful in increasing 
aperture, and there is no change in the effect of the present 
invention even when using a TFT element. 

[0039] 

(Embodiment 2) 

Fig. 3 is a drawing showing the spectral properties of the 
color filters of a reflective color liquid crystal device 
pertaining to the invention as defined in Claim 2 and Claim 4 of 
the present invention. The configuration of Embodiment 2 is 
identical to that of Embodiment 1 shown in Fig. 1, and color 
filters composed of the two colors, red and cyan, still are 
provided. In Fig. 3, the horizontal axis is the light 
wavelength, the vertical axis is the transmissivity, 21 is the 
spectrum of the red filter, and 25 is the spectrum of the cyan 
filter. Both color filters had a transmissivity of 50% or more 
within the wavelength range of 450nm to 660nm. Also, the average 
transmissivity within the same wavelength range was 71% for the 
red filter and 78% for the cyan filter. 

[0040] 

This reflective color liquid crystal device had a 
reflectivity of 30% and a contrast ratio of 1:15 during white 
display. It is capable of four-color display, being white, red, 
cyan, and black. The red display color was x = 0.34, y = 0.32, 
and the cyan display color was x = 0.29, y = 0.31. This is about 
70% of the brightness of a conventional reflective monochrome 
liquid crystal device and the same contrast ratio. 

[0041] 

Thus, when both colors of color filters have a 
transmissivity of 50% or more for the light of all wavelengths in 
the range of 450nm to 660nm, or when they have an average 
transmissivity of 70% or more within the same wavelength range, a 
bright reflective color liquid crystal device can be obtained, 



which is capable of being used in a substantially identical 
environment as a conventional reflective monochrome liquid 
crystal device. 

[0042] 

(Embodiment 3) 

Fig. 4 is a drawing showing the spectral properties of the 
color filters of a reflective color liquid crystal device 
pertaining to the invention as defined in Claim 3 and Claim 5 of 
the present invention. The configuration of Embodiment 3 is 
identical to that of Embodiment 1 shown in Fig. 1, and color 
filters composed of the two colors, red and cyan, still are 
provided. In Fig. 4, the horizontal axis is the light 
wavelength, the vertical axis is the transmissivity, 21 is the 
spectrum of the red filter, and 25 is the spectrum of the cyan 
filter. Both color filters had a transmissivity of 60% or more 
within the wavelength range of 450nm to 660nm. Also, the average 
transmissivity within the same wavelength range was 75% for the 
red filter and 80% for the cyan filter. 

[0043] 

This reflective color liquid crystal device had a 
reflectivity of 31% and a contrast ratio of 1:15 during white 
display. It is capable of four-color display, being white, red, 
cyan, and black. The red display color was x = 0.33, y = 0.33, 
and the cyan display color was x = 0.30, y = 0.31. This is about 
80% of the brightness of a conventional reflective monochrome 
liquid crystal device and the same contrast ratio. 

[0044] 

Thus, when both colors of color filters have a 
transmissivity of 60% or more for the light of all wavelengths in 
the range of 450nm to 660nm, or when they have an average 
transmissivity of 75% or more within the same wavelength range, a 
bright reflective color liquid crystal device can be obtained, 
which is capable of being used without obstruction even when an 
input means such as a touch key is attached to the front of the 
liquid crystal device. However, when color filters are used 
whereby the average transmissivity within the same wavelength 
range exceeds 90%, the display colors become extremely weak, and 
discrimination of the colors becomes difficult. Such color 
filters are outside the scope of Claim 5 of the present 
invention. 



[0045] 



(Embodiment 4) 



Fig. 5 is a drawing showing the essential components of a 
reflective color liquid crystal device pertaining to the 
invention as defined in Claim 6 of the present invention. First 
the configuration is explained. 1 is an upper polarizing plate, 
2 is an opposing substrate, 3 is liquid crystal, 4 is an element 
substrate, 5 is a lower polarizing plate, and 6 is a scattering 
reflector. On opposing substrate 2 are provided color filters 7 
and opposing electrode (scan line) 8, and on element substrate 4 
are provided signal line 9, pixel electrode 10, and MIM element 
11. 

[0046] 

Here, color filters 7 consist of the two colors, red ("R" in 
the drawing) and cyan ("C" in the drawing), being in a mutually 
complementary relationship, and they are arranged in a mosaic or 
checkered pattern. If the color filters are arranged in a stripe 
pattern as in Fig. 1, they will have extremely wide visual angle 
properties in the vertical direction, but when moving the visual 
angle left and right, visual angles having coloration and visual 
angles losing coloration will appear alternately. This is due to 
the thickness of the lower substrate, and it is a phenomenon that 
occurs due to the presence of a distance between the liquid 
crystal layer and color filter layer, and the reflector. When 
the color filters are arranged in a checkered pattern, it has 
been verified by experiment that such a phenomenon is alleviated 
significantly. Also, it was learned that the color mix is good 
even when the number of pixels is comparatively few. 

[0047] 

The color filters had the identical spectral properties as 
Fig. 3 of Embodiment 2, and the brightness and contrast ratio 
also were same extent as Embodiment 2. 

[0045] 

(Embodiment 5) 

Fig. 6 is a drawing showing the essential components of a 
reflective color liquid crystal device pertaining to the 
invention as defined in Claim 7 of the present invention. The 
fundamental configuration and spectral properties of the color 
filters are identical to those of Embodiment 4, but effort was 
expended to place color filters in a region outside the dots. In 
Fig. 6, the "bump" -shaped regions indicated by 61 are the regions 
where the opposing electrodes and pixel electrodes are overlaid, 
and where voltage is applied to the liquid crystal, and they 



correspond to the dots of Claim 7. The regions 62 having the 
vertical hatching from top right to bottom left are the cyan 
filters, and the regions 63 having the cross hatching are the red 
filters. 

[0049] 

In Fig. 6(a), the red filters and cyan filters are arranged 
so as to be in close contact outside the dots. Also, in (b) , 
filters also are provided outside the dots, but they are arranged 
at a distance from each other. Also, in (c) , red filters are 
provided outside the dots. In all of these, because the regions 
outside the dots have the same extent absorption as that inside 
the dots or less than that, a display can be obtained which is 
bright and has a high contrast ratio. The properties of each 
configuration were (a) a reflectivity of 30% and contrast ratio 
of 1:15 during white display, (b) reflectivity 33% and contrast 
ratio 1:13, and (c) 29% and 1:16. 

[0050] 

A transmissive color liquid crystal device generally is 
provided with a black mask outside the dots, but if a black mask 
is provided in a reflective color liquid crystal device, a 
contrast higher than required is achieved, and on the other hand, 
the display becomes dark. Conversely, if no color filters 
whatsoever are provided outside the dots, there is a problem that 
the contrast ratio decreases markedly, and this is undesirable. 

[0051] 

(Embodiment 6) 

Fig. 7 is a drawing showing the spectral properties of the 
color filters of a reflective color liquid crystal device 
pertaining to the invention as defined in Claim 8 of the present 
invention. The configuration of Embodiment 2 [sic: 6] is 
identical to that of Embodiment 4 shown in Fig. 5, but color 
filters consisting of the two colors, green and magenta, are 
provided in place of the red and cyan. In Fig. 6 [sic: 7], the 
horizontal axis is the light wavelength, the vertical axis is the 
transmissivity, 22 is the spectrum of the green filter, and 26 is 
the spectrum of the magenta filter. Both color filters had a 
transmissivity of 50% or more within the wavelength range of 
450nm to 660nm. Also, the average transmissivity within the same 
wavelength range was 76% for the green filter and 78% [?] for the 
cyan [sic: magenta] filter. 



[0052] 



This reflective color liquid crystal device had a 
reflectivity of 31% and a contrast ratio of 1:17 during white 
display. It is capable of four-color display, being white, 
green, magenta, and black. The green display color was x = 0,31, 
y = 0.35, and the magenta display color was x = 0.32, y = 0.29. 
This is about 80% of the brightness of a conventional reflective 
monochrome liquid crystal device and the same contrast ratio. 

[0053] 

As the two colors being in a mutually complementary 
relationship, other than red and cyan, and green and magenta, the 
combination of blue and yellow can be imagined, but from the 
standpoint of attractiveness, it is more desirable that colors of 
the red system can be displayed such as in the former two. 

[0054] 

(Embodiment 7) 

Fig. 8 is a drawing showing the essential components of a 
reflective color liquid crystal device pertaining to the 
invention as defined in Claim 9 of the present invention. First 
the configuration is explained. 1 is an upper polarizing plate, 
2 is an opposing substrate, 3 is liquid crystal, 4 is an element 
substrate, 5 is a lower polarizing plate, and 6 is a scattering 
reflector. On opposing substrate 2 are provided color filters 7 
and opposing electrode (scan line) 8, and on element substrate 4 
are provided signal line 9, pixel electrode 10, and MIM element 
11. 

[0055] 

Here, color filters 7 consist of the three colors, red ("R" 
in the drawing), green ("G" in the drawing), and blue ("B" in the 
drawing) , and they are arranged in a mosaic pattern as in the 
drawing. 

[0056] 

Fig. 9 is a drawing showing the spectral properties of color 
filters 7. In Fig. 9, the horizontal axis is the light 
wavelength, the vertical axis is the transmissivity, 21 is the 
spectrum of the red filter, 22 is the spectrum of the green 
filter, and 23 is the spectrum of the blue filter. All the 
colors had a transmissivity of 50% or more within the wavelength 
range of 450nm to 660nm. Also, the average transmissivity within 
the same wavelength range was 74% for the red filter, 75% for the 
green filter, and 63% for the blue filter. 



[0057] 



A reflective color liquid crystal device created in the 
above manner had a reflectivity of 28% and a contrast ratio of 
1:14 during white display. It is capable of full-color display. 
The red display color was x = 0.39, y = 0.32, the green display 
color was x = 0.31, y = 0.35, and the blue display color was x = 
0.29, y = 0.27. This is about 70% of the brightness of a 
conventional reflective monochrome liquid crystal device and the 
same contrast ratio, and these are properties whereby video 
images can be enjoyed. 

[0058] 

(Embodiment 8) 

Fig. 10 is a drawing showing the essential components of a 
reflective color liquid crystal device pertaining to the 
invention as defined in Claim 10 of the present invention. First 
the configuration is explained. 1 is an upper polarizing plate, 
2 is an opposing substrate, 3 is liquid crystal, 4 is an element 
substrate, 5 is a lower polarizing plate, and 6 is a scattering 
reflector. On opposing substrate 2 are provided color filters 7 
and opposing electrode (scan line) 8, and on element substrate 4 
are provided signal line 9, pixel electrode 10, and MIM element 
11. 

[0059] 

The difference with Fig. 1 is that the scattering reflector 
is provided on the side of the opposing substrate and is placed 
so as to be seen from the side of the element substrate, and that 
0.4mm thick glass is used for the opposing substrate. The 
reflective color liquid crystal device of Embodiment 8 has red 
filters and cyan filters in a mosaic arrangement as shown in Fig. 
5, and the dot pitch in the vertical direction of the panel is 
0.24mm. Accordingly, the thickness 0.4mm of the opposing 
substrate is less than two times the dot pitch. 

[0060] 

The thickness of the glass used in a substrate is generally 
1.1mm or 0.7mm, but by making this less than two times the dot 
pitch, the following three effects of pixel quality improvement 
were realized. First, there is an effect of reflections tending 
not to be seen and the contrast also being improved. This is an 
effect common with reflective monochrome liquid crystal displays 
as disclosed in Japanese Laid-Open Patent No. 57-132116. Second 
is an effect particular to reflective color liquid crystal 
devices, being the improvement of color purity. This is because 



there are few cases in which the light passing through, say, the 
red filter is reflected by the reflector, and passes through the 
cyan filter, contaminating the color. The third is an effect of 
the visual angle dependency being alleviated as described in 
Embodiment 4 . 

[0061] 

The above effect is greater as the thickness of the 
substrate is thinner, but when considering ease in manufacturing, 
it is desirable that the thickness of the element substrate be 
held to 1.1mm or 0.7mm as conventionally, and that only the 
opposing substrate be made thinner. 

[0062] 

(Embodiment 9) 

In a reflective color liquid crystal device, the 
characteristics of the scattering reflector greatly control the 
visual angle properties such as brightness and contrast. There 
are various types of scattering reflectors, from those having 
weak scattering such as mirror surfaces to those having strong 
scattering such as paper, and they are selected according to the 
peripheral environment. However, for a reflective color liquid 
crystal device, brightness and contrast are values, and those 
having weak scattering are desirable. 

[0063] 

Fig. 11 and Fig. 12 are drawings showing the properties of a 
reflector of a reflective color liquid crystal device pertaining 
to the invention as defined in Claim 11 of the present invention. 
In Fig. 11, 6 is a scattering reflector, 51 is light introduced 
at a 45° angle onto the surface of the scattering reflector, 52 
is the reflected light, and 53 is a 30° cone centered on the 
direction of mirror reflection. Also, the horizontal axis of 
Fig. 12 is the light-receiving angle of the reflected light, and 
the vertical axis is the relative reflective strength. The 
scattering reflector of Embodiment 9 has properties whereby about 
95% of the incident light is reflected into the 30° cone of Fig. 
11. If this does not reach 80%, a 1:10 or higher contrast ratio 
cannot be obtained based on a normal indoor environment. 

[0064] 

(Embodiment 10) 

Fig. 13 is a drawing showing the essential components of a 
reflective color liquid crystal device pertaining to the 



invention as defined in Claim 12 of the present invention. First 
the configuration is explained. 1 is an upper polarizing plate, 

2 is an opposing substrate, 3 is liquid crystal, 4 is an element 
substrate, 5 is a lower polarizing plate, 12 is a transf lector, 
and 13 is a backlight. On opposing substrate 2 are provided 
color filters 7 and opposing electrode (scan line) 8, and on 
element substrate 4 are provided signal line 9, pixel electrode 

10, and MIM element 11. Also, the color filters have the 
identical spectral properties as Fig. 3 in Embodiment 2. 

[0065] 

Since the reflectivity of the transflector is about 70% of 
that of an ordinary reflector, when used in the reflective mode 
without lighting the backlight, the reflectivity during white 
color display becomes about 24%. On the other hand, in the 
transmissive mode with the backlight lit, the transmissivity 
becomes about 22%, and a sufficient brightness, being a surface 
brilliance of 400cd/m 2 , can be obtained even with a monochrome 
backlight. Also, the properties of the color filters as shown in 
Fig. 3 are insufficient for displaying colors at the original 
transmissivity, but when a transflector is used, there is an 
effect whereby the color purity is increased, even in the 
transmissive mode, by the reflection of peripheral light. 

[0066] 

(Embodiment 11) 

Fig. 11 relates to a reflective color liquid crystal device 
pertaining to Claim 13, Claim 14, and Claim 17 of the present 
invention, but its fundamental configuration and the spectral 
properties of the color filters are identical to Fig. 5 and Fig. 

3 of Embodiment 4. Its characteristic is in the fact that the 
TN-mode cells are optimized for the reflective color liquid 
crystal device. 

[0067] 

Fig. 14 is a drawing showing the relationships among all the 
axes in the reflective color liquid crystal device in Embodiment 

11. 30 is the left-right direction (lengthwise direction) of the 
liquid crystal panel, 31 is the direction of the transmissive 
axis of the upper polarizing plate, 32 is the rubbing direction 
of the opposing substrate, 33 is the rubbing direction of the 
element substrate, and 34 is the direction of the transmissive 
axis of the lower polarizing plate. Here, the angle 40 formed by 
the rubbing direction of the opposing substrate and the left- 
right direction of the liquid crystal panel is set to 45°, the 
angle 41 formed by the direction of the transmissive axis of the 



upper polarizing plate and the rubbing direction of the opposing 
substrate is set to 90°, the twist angle 42 of the liquid crystal 
is set to right 90°, and the angle 43 formed by the direction of 
the transmissive axis of the lower polarizing plate and the 
rubbing direction of the element substrate is set to 90°. By 
being arranged in this manner, the molecules in the center of the 
liquid crystal layer stand up from the side of the observer (that 
is, the bottom of the drawing) when applied with voltage, and 
combined with the visual angle properties of the TN liquid 
crystal, a high-contrast display whereby reflections tend not to 
be' seen becomes possible. Also, the placement whereby the 
transmissive axes of the polarizing plates are perpendicular to 
the rubbing directions of the adjacent substrates has less color 
variation according to the direction of the visual angle and is 
more desirable compared with a parallel placement. 

[0068] 

Also, the Anxd of the liquid crystal cell was set to 1.34|um 
by making the birefringence An of the liquid crystal material 
0.189 and the cell gap 7.1jim. This is the condition having the 
brightest coloring during non-selective voltage application. 
There are problems that the display becomes bluish when Anxd < 
1.30|im, and the display becomes dark when Anxd > 1.40|im, these 
being not preferred. 

[0069] 

(Embodiment 12) 

Fig. 15 is a drawing showing the essential components of a 
reflective color liquid crystal device pertaining to the 
invention as defined in Claim 15 and Claim 17 of the present 
invention. First the configuration is explained. 1 is an upper 
polarizing plate, 14 is a retardation film, 17 is an upper 
substrate, 3 is liquid crystal, 18 is a lower substrate, 5 is a 
lower polarizing plate, and 6 is a scattering reflector. On 
upper substrate 17 are provided color filters 7 and scan 
electrode 8, and on lower substrate 18 is provided signal 
electrode 15. Retardation film 14 is a uniaxially drawn 
polycarbonate film, and a positive phase variation is indicated. 
Also, the color filters have the identical spectral properties as 
Fig. 3 of Embodiment 4. 

[0070] 

Fig. 16 is a drawing showing the relationships among all the 
axes in the reflective color liquid crystal device in Embodiment 
12. 30 is the left-right direction (lengthwise direction) of the 



liquid crystal panel, 31 is the direction of the transmissive 
axis of the upper polarizing plate, 32 is the rubbing direction 
of the upper polarizing plate, 33 is the rubbing direction of the 
lower polarizing plate, 34 is the direction of the transmissive 
axis of the lower polarizing plate, and 35 is the direction of 
drawing of the retardation film. Here, the angle 40 formed by 
the rubbing direction of the upper substrate and the left-right 
direction of the liquid crystal panel is set to 30°, the angle 44 
formed by the direction of the transmissive axis of the upper 
polarizing plate and the direction of drawing of the retardation 
film is set to 54°, the angle 45 formed by the direction of 
drawing of the retardation film and the rubbing direction of the 
upper polarizing plate is set to 80°, the twist angle 42 of the 
liquid crystal is set to left 240°, and the angle 43 formed by 
the direction of the transmissive axis of the lower polarizing 
plate and the rubbing direction of the lower substrate is set to 
43°. By being arranged in this manner, the molecules in the 
center of the liquid crystal layer stand up from the side of the 
observer (that is, the bottom of the drawing) when applied with 
voltage, and combined with the visual angle properties of the TN 
liquid crystal, a high-contrast display whereby reflections tend 
not to be seen becomes possible. 

[0071] 

This is the phase variation plate compensation STN mode 
proposed in Japanese Laid-Open Patent No. 3-5024 9, and it is 
characterized in that multiplexed driving is possible up to 1/480 
of the duty ratio of the simple matrix. Also, despite having 
used the same color filters as Embodiment 2, the aperture is high 
only so long as signal lines and MIM elements are not required, 
and an extremely bright display is possible having a reflectivity 
of 33% during white color display. The contrast ratio was 1:8, 
being comparatively low, but by adding one layer of phase 
variation film to perform compensation, and by performing 
multiple-line selective driving according to the method disclosed 
in the Japanese Laid-Open Patent No. 6-348230, it is possible to 
display with an equal contrast and equal color as the cases 
comprising MIM elements. 

[0072] 

(Embodiment 13) 

Fig. 17 is a drawing showing the essential components of a 
reflective color liquid crystal device pertaining to the 
invention as defined in Claim 16 and Claim 17 of the present 
invention. First the structure is explained. 1 is an upper 
polarizing plate, 2 is an opposing substrate, 3 is liquid 



crystal, and 4 is an element substrate. On opposing substrate 2 
are provided color filters 7, and opposing electrode (scan line) 
8, and on element substrate 4 are provided signal line 9, 
scattering reflector plus pixel electrode 16, and MIM element 11. 
As for the scattering reflector plus pixel electrode, one was 
used having roughness applied to the surface of a metallic 
aluminum sputtered film by mechanical and chemical means* Also, 
the color filters have the identical properties as Fig. 3 of 
Embodiment 4 . 

[0073] 

Fig. 18 is a drawing showing the relationships among all the 
axes of the reflective color liquid crystal device in Embodiment 
13. 30 is the left-right direction (lengthwise direction) of the 
liquid crystal panel, 31 is the direction of the transmissive 
axis of the upper polarizing plate, 32 is the rubbing direction 
of the upper substrate, and 33 is the rubbing direction of the 
lower substrate. Here, the angle 4 0 formed by the rubbing 
direction of the upper substrate and the left-right direction of 
the liquid crystal panel is set to 62°, the angle 41 formed by 
the direction of the transmissive axis of the upper polarizing 
plate and the rubbing direction of the upper substrate is set to 
94°, and the twist angle 42 of the liquid crystal is set to right 
56°. By being arranged in this manner, the molecules in the 
center of the liquid crystal layer stand up from the side of the 
observer (that is, the bottom of the drawing) when applied with 
voltage, and combined with the visual angle properties of the TN 
liquid crystal, a high-contrast display whereby reflections tend 
not to be seen becomes possible. 

[0074] 

This is the single polarizing plate type nematic liquid 
crystal mode proposed by the Japanese Laid-Open Patent No. 3- 
223715, and it is characterized in that a scattering reflector is 
provided in the position adjacent to the liquid crystal because 
high-contrast black and white display is possible without using a 
lower polarizing plate. 

[0075] 

This reflective color liquid crystal device had a 
reflectivity of 30% and contrast ratio of 1:10 during white color 
display, it is capable of displaying the four colors, white, red, 
cyan, and black, the red display color was x = 0.38, y = 0.31, 
and the cyan display color was x = 0.28, y = 0.32. The display 
had no occurrence of reflections whatsoever, and the visual angle 
dependency was extremely little. Also, because the incident 
light passing through the red filter necessarily emerges through 



the red filter, a bright display with high color purity was 
possible without contamination of the colors. 

[0076] 

(Embodiment 14) 

When performing display with a reflective type color liquid 
crystal device in Embodiments 1 to 13 above, there occurs a 
problem which did not exist in a conventional transmissive type 
color liquid crystal device. That is the fact that it does not 
show enough color with a single dot, and in order to display 
color, it is necessary to display the same color across an area 
of a certain width. The causes of this are that the colors of 
the color filters are pale, there is a distance between the 
liquid crystal layer and the reflective plate (excepting 
Preferred Embodiments 36 to 39) , and the colors of the 
neighboring dots mix easily. 

[0077] 

Accordingly, rather than a method of use such as displaying 
red characters on a white background, a method of use such as 
displaying black characters on a white background and making a 
part of the background red, that is, a method of use such as a 
marker, is more appropriate. Nevertheless, the fact that it doe 
not show enough color with a single pixel means also that, 
conversely, while it is a color liquid crystal device, it can 
display black and white easily. 

[0078] 

Embodiment 14 is a reflective type color liquid crystal 
device pertaining to the invention as defined in Claim 18, and i 
characterized by one pixel being composed of one dot. A pixel i 
the minimum unit capable of realizing the function necessary for 
display, and in the usual color liquid crystal device, one pixel 
is composed of a total of three dots, each dot being red, green, 
or blue. Accordingly, in order to perform a 480x640 VGA display 
480x640x3 dots was necessary. When using two colors of color 
filters, being cyan and red, 480x640x2 dots was necessary. 
Nevertheless, Embodiment 14 can perform VGA display with 480x640 
pixels in a color liquid crystal device. 

[0079] 

The configuration of Embodiment 14 is identical to, for 
example, Embodiment 4. Only the following efforts are made when 
performing display. An example is shown in Fig. 19, so it is 



explained following this drawing. Here, 16x48 pixels are 
illustrated. (a) is a drawing showing the arrangement of the 
color filters, and red (shown as "R") and cyan (shown as "C") are 
arranged in a mosaic pattern. Also, (b) and (c) are drawings 
showing the distribution of on dots and off dots. Because the on 
dots are dark, they are shown with hatching. The (b) display 
turns on the pattern of "LCD" ignoring the arrangement of the 
color filters, but as described before, because this reflective 
type color liquid crystal device does not show colors 
sufficiently with a single dot, "LCD" appears displayed in black 
on a white background. Accordingly, black and white display is 
possible at a VGA resolution. Meanwhile, because the (c) display 
turned on only the cyan-colored dots of the background of (b) , 
"LCD" appears displayed in black on a red background. When 
displaying in this manner the same color across an area of ten 
dots or wider than that, it becomes possible to display colors. 

[0080] 

In addition to such a method of use as a marker, for 
example, when displaying map information, it becomes possible to 
color only the specified routes if the widths of the roads are 
several dots. Also, because the icons on a PC screen are of a 
certain extent of area, their color display is possible. 

[0081] 

[Effect of the Invention] 

As described above, according to the present invention, it 
is possible to provide a reflective color liquid crystal device 
that is bright and has a high contrast ratio by combining a 
liquid crystal mode using a polarizing plate and color filters 
having weak color tint. 

[Brief Description of the Drawings] 

[Fig. 1] 

Fig. 1 is a drawing showing the essential components of a 
reflective color liquid crystal device in Embodiments 1-3 of the 
present invention . 

[Fig. 2] 

Fig. 2 is a drawing showing the spectral properties of a 
reflective color liquid crystal device in Embodiment 1 of the 
present invention . 



[Fig. 3] 



Fig. 3 is a drawing showing the spectral properties of a 
reflective color liquid crystal device in Embodiment 2, 
Embodiment 4, Embodiment 5, and Embodiments 10-14 of the prese: 
invention . 

[Fig. 4] 

Fig. 4 is a drawing showing the spectral properties of a 
reflective color liquid crystal device in Embodiment 3 of the 
present invention . 

[Fig. 5] 

Fig. 5 is a drawing showing the essential components of a 
reflective color liquid crystal device in Embodiment 4, 
Embodiment 5, Embodiment 11, and Embodiment 14 of the present 
invention. 

[Fig. 6] 

Fig. 6 is a drawing showing the details of the placement 
color filters of a reflective color liquid crystal device in 
Embodiment 5 of the present invention. 

[Fig. 7] 

Fig. 7 is a drawing showing the spectral properties of a 
reflective color liquid crystal device in Embodiment 5 of the 
present invention. 

[Fig. 8] 

Fig. 8 is a drawing showing the essential components of a 
reflective color liquid crystal device in Embodiment 7 of the 
present invention . 

[Fig. 9] 

Fig. 9 is a drawing showing the spectral properties of a 
reflective color liquid crystal device in Embodiment 7 of the 
present invention . 

[Fig. 10] 

Fig. 10 is a drawing showing the essential components of 
reflective color liquid crystal device in Embodiment 8 of the 
present invention . 



[Fig. 11] 



Fig. 19 is a drawing showing one example of a display of a 
reflective color liquid crystal device in Embodiment 14 of the 
present invention . 

[Fig. 20] 

Fig. 20 is a drawing showing the spectral properties of 
color filters of a conventional transmissive color reflective 
device . 

[Fig. 21] 

Fig. 21 is a drawing showing the spectral properties of the 
color filters proposed in Fig. 8 of the article by Mr. Tatsuo 
Uchida, et al. (IEEE Transactions on Electron Devices, Vol. ED- 
33, No. 8, pp. 1207-1211 (1986)) 

[Fig. 22] 

Fig. 22 is a drawing showing the spectral properties of the 
color filters proposed in Fig. 2 of the article by Mr. Seiichi 
Mitsui, et al. (SID92 Digest, pp. 437-440 (1992)) 

[Fig. 23] 

Fig. 23 is a drawing showing the spectral properties of the 
color filters proposed in Fig. 2(a), (b) , and (c) of Japanese 
Laid-Open Patent No. 5-241143. 

[Description of the Symbols] 

1 upper polarizing plate 

2 opposing substrate 

3 liquid crystal 

4 element substrate 

5 lower polarizing plate 

6 scattering reflector 

7 color filter 

8 opposing electrode (scan line, scan electrode) 

9 signal line 

10 pixel electrode 

11 MIM element 

12 transflector 

13 backlight 

14 retardation film 

15 signal electrode 

16 scattering reflector plus pixel electrode 

17 upper substrate 

18 lower substrate 

21 red filter spectrum 



22 green filter spectrum 

23 blue filter spectrum 

24 yellow filter spectrum 

25 cyan filter spectrum 

26 magenta filter spectrum 

30 left-right direction (lengthwise direction) of liquid 
crystal panel 

31 direction of transmissive axis of upper substrate (or 
opposing substrate) 

32 rubbing direction of upper substrate (or element substrate) 

33 direction of transmissive axis of lower substrate (or 
element substrate) 

34 direction of transmissive axis of lower polarizing plate 

35 direction of drawing of retardation film 

40 angle formed by 30 and 32 

41 angle formed by 31 and 32 

42 twist angle of liquid crystal 

43 angle formed by 33 and 34 

44 angle formed by 31 and 35 

45 angle formed by 32 and 35 

51 incident light 

52 reflected light 

53 30° cone as center of mirror reflection 

61 region in which opposing electrode and pixel electrode 
overlap 

62 cyan filter 

63 red filter 
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[Abstract] 

[Object] To provide a bright, high-contrast reflective color 
liquid crystal device. 

[Means to Achieve the Object] In a liquid crystal panel that 
drives TN mode liquid crystal using MIM elements or TFT elements, 
the color filters are made brighter and weaker colored than those 
used in an ordinary transmissive panel. All of the color filters 
have a transmissivity of 30% or more for the light of all 
wavelengths within the range of 450nm to 660nm. 



[Selected Drawing] Fig. 9 
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# £ * © is a « # 4S- * » & f * £ £ <n tr > ^ * ft s £ t & <fc e> @3 s b & 3 

[IIS14] gfiia* VWL&0)&mffim A n £ . $SIJ|d0«AnX 

d#l. 3/*m«i:y%*S<* 1. 4 *imj: U %>/J\3V^£ fcJftfifcii'rsWjRJS 

1 3gB*<&fi»s!:fr9-«ft«tt. 

[ft^^ 1 5 ] fit8Btt&tf 9 0R£l_fcfct5ftfc* V*-? ^ttfi-e* y ^ 2 ft© 

1 ta«wH^M*^-?$^^g. 

fcteftfc-rsWjRJBl 3, W*«l 5 1 6 MEWL <7) KM MX 

18] l Ky h T? 1 mm *m&+ £ z. £ *<£tt l IBttO) 

[||BJ30>i¥iffl&t&HJ] 
[ 0 0 0 1 ] 
[ 36 880)11 * 



^g##= PQS53944 y<-i? (3/2 6) 

[0 0 0 2 ] 

PDA (Personal Digital Assistant) d ft 

ift-tt, < Jg^ffii&lcftoTO&o. tot, 

[ 0 0 0 3 ] 

MltS!^^-?SStSSa)^^tt, l 9 8 0^ft#ia;fr &*»fl9»cSf^3ftfc «fc 
O t'* 5. **IJBII»I4, WitKWBBBB 5 0 - 8 0 7 9 9 IC %> & & J: o lz , 

£ <D «fc ? fc&S^- Kf%, *fc2»S!-e ^-titcMfeW^^-^ 

[ 0 0 0 4 ] 

^^-^JlgSCo^-C^g^U-CM-SftHgi^ft^Olllfc (IEEE Transactions 
on Electron Devices, Vol. ED-33, No. 8, pp. 1207-1211 (1986) ) ■£ 0) F i 

5 - 2 4 1 1 4 3 H t*S*> ^-$Eligg£ §15! "f fliftfi 

^IiiftOPDLC (i§f^^^fcS!?£®) l-K*8«l-C^5. 

[ 0 0 0 5 ] 



i&mm%= P0S53944 y< — V (4/2 6 ) 

H 2 0 JC^bfecfc O U TOfc„ III 2 0 (D&mitft(D$i.&. 

, m$&&&M&'Z& U x 2 1 h ;k 2 2 #*i:7 ;U^C7)X 

2 3 tfi?7 >( <D*s<t> b Afiga<i&fci-e £ ma 

#®Efcl 3 8 0 nm*^ 7 8 0 n m 0)?£;g$gffl Tf & ij, ^lC4 5 0 nm^ 
ii 6 6 0 nm0fiI|git*IlS#S5H. (9 2 0 (7) ^3 9 - 7 -< Jl $ it , l^Tft^ 

zoymm-e, o %«tk: bras y » # < 

o%7?*>ofe. * 9 - k asui c ffl 1- & fc «> jc ti *» o w s 7 -f ^i/ ^ 

[ 0 0 0 6] 

fffiSOrt ffliH^S; <7)^3t <D F i g. 8 S tlT ^ & * 5 - 7 -f ;i/ ^ 14, 

S^£M&M^&C&S2-fe&*!l/g-f5z:i:-?rx 3ftfl)*^J:Utilfl*<i!4J;i 
I * b £: & <Z> "?r & o . f ©^3fe^tt^i2 1 (C^t. 0 2 1 »^|4(43t0D^* 
, KEIftfcfcfiit*'*?* »J , 2 2 ifi&y -Y JVjf (D^t b )V, 2 6 IW-gy 2 7 J )l 

K:#iftftfca3W'*filf*0> :s F#«tfaiia*-e&5 hfS^-r^ i:, 4 5 0 nmfr 
6 6 OnnKBjftftfSH"?, V^f*l©*9-7-fJl/* i feiaa*3» l l 0 %£ATfc: & £ 
Sft^^fitS. &tz¥-i%mmmiZ, l7^^^411 V-g 7 4)b$tfi 
4 8 % T- & o . 

[ 0 0 0 7 ] 

H^/#fflf — ft*><7>a>3t (SID 92 DIGEST, pp. 437-440 (1992) ) |BJ U 

PCGHt- K&»fflLfcS»S*9-«»«tttHB-r6*>©-e**««x 
* <Z) F i g . 2JC**J:^*W<&V»2<fe«>ij5-7-f;i/*ftjfilfflUTV^S. * CD 
£#4*te&H2 2 tC^fo BI2 2 IKttttfi jf*"?* y * 2 2 

tfitity 4 )V$0)Z'<# b JU* 2 6 tfWy 2 7 J Jl# (D*s<Z b )IT~& &o MEtt 
#£#*T?*ia* LT*5^ PI fK ft SMIt^(Z)¥^a^^a^Tr$. 

Stfi^tSi, < fc%»7-fJU^0)aa** t 4 7 0 nmaTro$I?5 0 

%*y%»*3v*. &fc¥-i%mm^lt, l7^i/« , 68%, v-fe: > £ 7 ;i/ * # 



jg3g#-Ej- = P0S53944 (5X26) 

6 7 % -e & o „ 

[0 0 0 8] 

*fca5fl>1SH!¥5-2 4 1 1 4 3-^^$8 0DEI2 (a) „ (b) , (c) ^SUSt 
£ <7) 3 fcfflffl b t, IBS < l,"0*S. ^0^-3tif#tt$: HI 2 3 JC^-r. [II 
h;i/, 2 5*'S/7>7^^0^^n;i/, 2 6 #VH£ > # 7 ^ £ 0)*/<Z h 
ifctfci-SZfctfiiL^a 1 * 1 0 0%i:S%>i«5?)tc#xfe±T?, 

»J 4 5 0 nm*f)6 6 0 nm0S[5iit', V*"$*ft0):fc9 — ^-fJl/^fcSiB*** 

5, -fxn-:7 -f ;u*#*& 7 o %, i/7>7^^A^60%, v-ff > £ ? ;i/ 

* 5 0 ofc. 

[0 0 0 9 ] 

— y-<•;^i?i:^^•^•C ; fo^ 4 5 0 nm*b 6 6 0 n m tf) & g f§ H ^ ^ # 

{£ U A 5 - 7 -f £ & ffl V* T O o 
[0010] 

3 e> U fcSe^ORtfM* ^-^H^Sfct, «3te«fefl!HTH* 

Ii*'feof: 0 0d*«ffl«o>rtH«iSft«£>a>i&3:T?i** *<t> 1 2 0 

1 9frB^?)3i/h5^h JfcoKfMStf 1 : 5 S E £: tftofr 5. *feSJifia) 
= y #ff-.ft £ ©II *<7) 4 3 9 2 2f7g^«b3>h7^hit^l 

itttl : 1 0 0 & -fc * S # & » 1 : 3^>1 : 5<Z)3>h9>^hJfet4V^lC% 



&g#-jEj-= PQS53944 s< - V (6X26) 

[001 1 ] 

te^M-fe i: P?A £ S if fflMgA'iM,«f, 2f#ggBS 5 0-8 0 7 9 9 # $8 8§ ^ 
P CGH?-K*PDLC?- KfcjflUBUfcE»ffl*9-«ftSS1Ri:l^g 
[0012] 

< efcajjStfBTflBfcafi*^- k» mx«^^bs 51-013666 #^i&t- 

iillSftfc T N^- K, 3 - 5 0 2 4 9 -!*£«-C«3g £ ft£&*BI£&SiGt 

S(Z)STN=E-K, ^^^3-2 2 3 7 1 5 & $R ii £ ft 1 tJc<B#«ffl«> 
^^^■y^ttft^-K, 4$H§¥6-23592 0 ^ ^« $ ft & 5R 2f5£ X 

[0013] 

IM^ffli^lSIS^t- K BBS < Ii^I»A5- y 

[0014] 

[nii£fl?&-rsfc#>tf>^g] 
tz&nztifrmskt. 'j>&< t*> 2 &(d*i^-7 j t, < t %> i ecwM 

ftfifc* fe*-r*S»a*9-ttJl$g1Ilcfi^T, W IB * 9 - 7 -f Jl # 

OV^ftlti, 4 5 0 n m*» 6 6 0 n m©lH©^t«$ftro*iC*t b t 3 0% 



&g#-gj- = PQS53944 s< - y (7X26) 

[001 5 ] 

If #.m 2 IS«(7)?gBj3«^ ltufE:*J9--:7^;b:$f<Z>^-fft%>, 4 5 0 nmfrf)6 6 

o n m(F>mw<»±x <Dfa-&.v>itKLi$ l x 5 o %a±a>mmm*Ji'? & z. t *&m. 

[001 6 ] 

0 n mtf)S&Htf>:£T<7>i&:gCDftlC*f L T6 0%£J! > _hW^ii^ : S:%-rS^^ 

its. 

[001 7 ] 

4 IB«W^SJ«x TOIB*9-7 -f ;U#0)^-f ft^x 4 5 0 nm^^66 
0 nmnffifflOWL&CDytlZttlsX 7 0 %£l±©^aa**tt5: t fctefti: 
t5. 

[0018] 

Iff ^31 5 |EtfcC7)fgHJ?ii, BUfE*>^-:7 W;U#<Z>^-f ft=fc, 4 5 0 nm*^6'6 
0nmtf)$ga(7)&;5<7)ftlC*tLT7 5 %Sk± 9 0 % «T CD (D¥-i%mm& Z ^iT £ 

z t z&mt? <&. 

[0019] 
[ 0 0 2 0] 

[0 0 2 1 ] 

m^.m 8 tEm commit, hube*^-^ ^ ;u*^ svMc?*fca>Ri«K:*s 2 6 

[ 0 0 2 2 ] 



%Pg#-£|-= P 0 S B 3 9 4 4 ^ ~ (8X2 6 ) 

[ 0 0 2 3 ] 

m&m i o mmcDmwt*. tins 2 vtomucDiH. K^wLtmrn-t &mo)&m.<D 

So 

[0 0 2 4] 

*0!>jEKIt#fa&+'&>J: Ufc3 0l3->«'t'lC8 0 % a_htf>3fe * £ 3§ o 

[ 0 0 2 5 ] 

[ 0 0 2 6 ] 
[ 0 0 2 7 ] 

fffj£]g 1 4 fBictf>i£HJ!«U bubH* V^y 2 ?£il<Z)$g#f^ A n i: > ?£®®jPd 
©SAnXdtfl. 3/im<);iJ^g<, 1. 4 mj: U t 6«*ti: 

t5. 

[ 0 0 2 8 ] 

ft 5fcJg 1 5 fBffcWfgUJfix ttTiBHK 9 0 K£*_hfal3ft&* V*-* ^iSit-^ 
*K 2 tfc<Z)M*<RIBUc^ft < £ 1 ft©&fflt7 ^ ;i/A^St bfcl t &#S[t 

[0 0 2 9 3 
[ 0 0 3 0 ] 



P0S53944 - (9X26) 

[0 0 3 1 ] 

1 8mm<DmW\*. 1 Kyh?l H*fc*J*"*-* £ 
[0 0 3 2 ] 

[0 0 3 3 ] 

HT?*S. &-?Mf&*nw~? l tt_fcfll«#fi* 2(i*f[pj^^> 3 liSil, 4 

7^;^ 7 ^iei«S (j££H0 SS^afifi 4 JblcfcHg#tt 9 , ®^ 

IS 10, MIM*? 1 1 6H»fc. ;it-U2, 4 1:5, 5 i: 6 te, ibt 

l teSftS!* 9 - USStroSSStwbT^Sfeft, 3 x 3©9Bi^L^/Tb 
t^ftMJiC, **Jfi«-eti*nfiL±Olif*JSft*L, 4 8 0 X 6 4 0ro3 0 7 2 

[0 0 3 4 ] 

ttfitts 8 tmmnm 1 o »jaw* no t-iisb, 9 «^it a 

MI M^f-ttlfeiHT a. 2 0 5 *&MT & £&MC r T:&/uf£ffi&-? & & 

7 fcfc2^Kl BB«1C» 5# (0* r R j "e^Lfe) tS/7> (H* I"CJ 
[0 0 3 5 ] 

i2tii37-7-f;^7 ro^Mttfe^tST*feS. HI 2 o)ffi.Wilzyb(D%L-&, 

«#»2I$ , e*»J, 2i*'f7^i'^^^n;K 2 5 ifii/yyy -f jizo 



jgg#-Ej- = P0S53944 (10/2 6) 

g&JJlftT-m^ #9*g;K£j8BJ3MWS®^& 1 0 0 %tc*|jEL fc. £JLT> 

* 9-7 -f ;u# <7>#ft^t£«::£T;i J: »J ML fc. £fcff 1*^5 

■< )\s$k>. 4 5 Onm^ib'6 6 OnmroiHIlT-, 0 %ftl©2a$ ft 

r#j •e»j&< rtr^^j fc*EL 51 

[ 0 0 3 6] 

3T#Ji<Z>«fc^tCLTfls*Lfc£itffi;&9-«*£«tt* 6 ft *ia*B# 
#2 4%, 3>h5Xl>tt#l : 1 5, & £ft£*;7y tm(D4&tl^&*im-Z 
, j5**i3*6ttx = 0. 3 9, y = 0 . 32, :^7>S^&lix = 0. 28, y = 

# tc m m * *m -e & & . 

[0 0 3 7 ] 

*8l8G>l*3R3Sl0>*5lffl^G>*9 — ^-Ol'*, BP*>4 5 0 nmifrtb 6 6 0 n m 
[ 0 0 3 8] 
[ 0 0 3 9 ] 



^gg^-g- = PQS53944 s<-jJ (1 1/26) 

ess u&*jfi0( i <7)®-a- tmm-e& y x j f>{*y#i:2/T>o2fe^«b^s*5- 
7^;i/^&#^.T^s 0 eg 3 fSEiittjg&^-efe y, 21**1 

*V <7) -fe <7> 9 - 7 4 5 0 nm^ii 6 6 0 nmc7)HIl-e, 5 0%£l 

[0 0 4 0] 

# 1 : 15, & tfr tisT y tm<7) 4 fiat55*#RT*B"e, S5**jj*ftttx = 0. 34 
, y = 0 . 32, 2/T>^^fettx = 0. 29, y = 0. 3 lt-feofc, Ctltt 

e 

[0 0 4 1 ] 

Zl <7) J: 5 ic , if CD & CD :*> 9 — ? 4 5 0 nm^ib 6 6 0 nmroffil© 

:£:TCD?&:R(7)ft&C*f b T 5 0 %&_hfl>»»* * jc>, 5 Hi* ft D&Sfgffl 

[ 0 0 4 2 ] 
(HJSM3) 

J&&B0K 2>9-? -r ;i/#<a#ft^f£ &^-f Ef-e&&. IIM3(5M(i, Hi 

ic^ u r^mmm 1 a>m& tmm-e&v . \z v ft t r y o 2 % i& & % ? - 
7 4 &m*.x^&. 1a 4 w^ittttfto&s, «EWt42aa|£-e* u , 21*^ 

7 -f ju£ h- ;k 2 5*^7>7^;i'^^/<n;i/^in^, n*** 

*l <D -fe 0) ;*j 9 - 7 -f ;i/ 3i *» , 4 5 0 nmiO^ 6 6 0 nm©$llSIt-, 6 0 % 
±<Z>3S»*&#0'CH*. *fcEH5»*«H-Cfl>¥*&£ift*WU -fry 4*2 Wl 
5 % , i/7>7^J^80%T-feofc, 



<gg##= PQS53944 (1 2/26) 

[ 0 0 4 3 ] 

#i : 15, & tfrt t/yy tme> 4 &^#^r£Et?, #^fe«x = o. 33 

, y = 0 . 3 3, ^T>^^fettx = 0. 30, y = 0. 3 1-?rfeofe. £ *l li 

e 

[0 0 4 4] 

Z.(7)J:C)IC, if <7) & tf) ;*> ^ — ? ;i/ 3* > 4 5 0 nmid^ 6 6 0 nmflllO 

£T0)$E:R<Z)}fclC*fLT6 0 % a_fc 0 & % "T £ , & £ V* EJ & M:Rf§ffl 

n*. fiu pi tj»ft«fiH , ca> 3 i t *32ii*# 9 o % fe^-r «t $ ft* 5 -7 -f 

[ 0 0 4 5 ] 

7j)is*7£, ztfomm c^suo s&kw, ^^^^4_h(c(i{t-^in 9 , ex 

IS10, MIMlfl 1 feUtWfc. 
[ 0 0 4 6 ] 

£^y> (H* rcj -e^bfc) ©2fe^f>^ot^t, =e*f J t Vtizm¥£m& 



jgg#-f|- = P0S53944 (13/26) 

[0 0 4 7 ] 
[0 0 4 8] 

(mmm 5 ) 

K v h fl-W^Etfcfctt & * ^ -y <4 )l* (7)B2gtcx* ft 0 fc. 12 6 
icfc^T^ 6 i ic^Lfc raj #o>^JScte, *fiqj«Mi:B^mM#fi&o tot 

„ «atc*#*tf Wilis ti2>mi&1:& »J , M*S7«K*; htiiStS. £££± 

tc;\y^V^ft2&U£:^i!£6 3 M:7 Tfc -5. 

[0 0 4 9] 

HI 6 CD (a) Tii, ^7^J^t^7>7>fJ^^K^ ^T-^ofcyit^ 
cbe>tCiBSbfco (b) TWu K y h fl-Cfc 7 -f fell W fc Sv* icli U 

T@2«bfc. (c) TJ±, h *HCjS*7 -f ;U 2 ftI3fi0£ o V^ftlt K?/ 

h K ^ h F*3 i: IWSS & £ Ott* tbcfc t> %>/h£ ft % L T O S £: «> 

* w& < ^> h ? i£tfm^m7Ftfmt>n&o &*(D%fmz, (a) 

B#OSIt^ 3 0%f3> : 1 5, (b) tfK%Sm 33%T-3>I>7 

X hit 1 : 13, (c) # 2 9 % T 1 : 16t^ofc. 
[0 0 5 0] 

^-^H^fiTtt, -KCKv h fl- £ tt ^9 ? # V ft IS tt & 
[ 0 0 5 1 ] 



^Pg##= P0S53944 ^ - ^ (14/2 6) 

^ w mi- mx&&o mmm i <Dmi&it, m 5 KuthitmmwA 

*ft*.-cn<&. 111 6 (Dmmi*%.<D$L&, mM&mmmx& y , 22^17^ 

;l/ * (7) .X ^ # h ;l/ , 2 6 # Vt: y $ 7 <i JU5> >7 h )]/ b T V> & . V^tl 

OftfflA5-7-{An, 4 5 0 nm^i3 6 6 0 nm(?)»II5It-, 50%£Jt_L 
<Ba»*&*UT05. £ R 15 SSIEffl X fcfc, l7^^A'7 6 

[ 0 0 5 2 ] 

1 : 1 7, & tmt^^y 2 ilMCD 4&&v%tf-r>IMT~. iBSS^&fcfcx = 0. 3 
1 , y = 0. 35. 7*>ji*^ftttx = 0. 32, y = 0 . 2 9T'Sofc. d 

[ 0 0 5 3 ] 

5H»C*t6«>l»«icfc5 2 6i: OTtt, *tJ/7>, « v-l? > * <Z> -te C , W 

.a&;i# , fs4:voj6n?<fcy#sov*. 

[ 0 0 5 4] 

(.mmm i ) 

7^^7i, Minima 8 as^ais 4 iicttff 9 , am 

II 1 0, MIM*f 1 1 fettWfc. 

[ 0 0 5 5 ] 

zz.x*f>*7--7j)\,$ 7 (eg* r r j -e^L/fe) (H+ r g j x^L 



&M& J 2 = PQS53944 ! (1 5/2 6) 

[ 0 0 5 6 ] 

2 3^) ( f 7-f;^(/)X^^ "f *L CD & <7) # *7 - 7 w 

;U#^ 4 5 0 nm^ib 6 6 0 n mro$II§iT*, 5 0 % £k ±0) 35 & * 

[ 0 0 5 7 ] 

8 %, n^h^^hit^l : 14, y *y - * 5* # RT T? , #^^-fettx = 0 
. 3 9 x y = 0 . 3 2, ifcgSJ^-fetex = 0. 31, y = 0. 35, »^^-fe(±x 
= 0. 2 9, y = 0. 2 7T-feofe 0 £ ft tt S£* CD fiMi ^ # P ffi ft <D tit) 

* x o & & fttt -e & s . 

[ 0 0 5 8 ] 
(£%0V 8 ) 

Ml 0 tt#38HHa>tt:R£ 1 0 ga«o38Wlc«*S»a* 5 -JSft^SO^^ & 

7-7^^7t, ttftM 8feKft, ^^^^4_htttff-^i^ 9 , 

iifll 0, MIMlf 1 1 
[ 0 0 5 9 ] 

;i/ * £/ 7 > 7 -f A/ * fc "C *J , /t * JU_fc~F# fa G> K <y h £ <!/ # 0 . 2 4 
mm-C'feS. ffiot, ^^SSWS^O. 4mmtt, K y h M V * O) 2 ® J: y % 



&g##= P0S53944 (16/26) 

[ 0 0 6 0 ] 

■5*^ z: ti & K y h tr y =9-<r> 2 fl£«fc y fc^s < l t 3 5, &0> = o G9B®2&:# 

^tt{*4#^BS 57-132116 ^2;mX'M^ZtiX\,*&£ o C Sit 
S^e; £ DlSSii: 6«6*^*«. -oiOti, £ * jj* # U8 S < »K 

[0 0 6 1 ] 
[ 0 0 6 2 ] 

[0 0 6 3] 

HlUH12tt, *&W0)m*m 1 1 aetttaaiiBlcasEifSfc^-iKI&S 

tStSftSigB&C 4 5° (Dfimx-Xm? 5 2 «*-tf)Kttft, 5 3«IE£#£ 

*t£tJ3£K-?& So ^IM9 A^*©^9 5%^> HI 1(7)30° 

n-^o^icstir-f s^ttsr^-rs. ztitf 8 o %*p*cft a mtgomftm 

%L<7)*)tX-, 1 : 1 0 £l±0)zi y h 9 * h it#^ ^ tuft < ft £. 



&g#-Ej-= PQS53944 . s<- i? (17/2B) 

[ 0 0 6 4 ] 
(^tS9J 1 0) 

Ell 3 Ji*3§HJJtf)ff 1 2 IB«g(7)^0Jtc^SSItS!* 5-?£ifl^®<Z>ggB& 

-r h & * . ^-rs^&ittBj-rs,, i tt_fc«i«#«u 2tt*tiaj£«, 3»is 

» 4(iffiS, 5tiT««#«* l2lt*SiSS^S, l 3 * 5 ^ h 

* IK 2 ±(C(i*7-7 7 ^|4*S (;££») 8fe«», ?it 

4 _hic(ifi-^i^ 9 , mmmm. i o, mimx? i uR»fc, £^9- 

C 0 0 6 5 ] 

4 h Z&tt-e-fKKm*- K^ttffl-i-SBUCttx B Sit* # 24%1 

gfC&S. — h ^^ffbfcli^- KT-li, aifta(t**2 2 %ilic 

* ( J> tfSS4 0 0 c d/m 2 £Oofc;E.;#pfli<7)A-/>7^^ h 

% JSH3fc«)fi»Tf 6«ie few Sfe * i: i^MA'feS. 
[ 0 0 6 6 ] 

(ili 1 1 ) 

Utt, #i§0J<Z)!»jR*I 1 3 , ffjfcJg 1 4&fctflC»jR3Sl 7 IC^-S^ 

# <B&##f£fcK &]ffi0lf 4<Z)|S 5 , H3fcraaiT?*5. f©^f tt, TNt-K 

[ 0 0 6 7 ] 

S 0 3 0 ^*;KZ>;fe£:&fa (ft^^i^) "efclK 3 1 ttJbffl!HB3fcfi<7>2a 

fRl^ 3 2 #*fGF2£««>9 Ifi/^fcK 3 3 /) ( IfSIC7 If > ^IrK 3 4 
«'TI!li*fi«)ai«jErifil'P*6. 3^T**ff^^^C0^ tf > y^ifij 

tf > vftfatfte-fpim 4 1 & 9 0 0 is©^^^hft4 2 4*9 o* ic, t 



««#4|- = P0S53944 



^ - v 1 (18/26) 



flH«#fi fit 9 > ^^[nj^^-T 4 3490* tci9:^ 

•e^roE^-tc < ^ass%*»BTiBK:ft&. 9 tr >^ 

i: iff ¥ffBB«icib^"Caft*filcj: 66«<b* t ^*< , * l J 

[0 0 6 8] 

*fc?S^Mi|sfa)SJSilf^ A n fc 0 . 189, t;^t5/^&7. 1 /z m C **- S 
Zl i: Tr> Ki'tACAnXdtl. 3 4 /z m £19:^ U . £ tl tt^lAIE PPiP 
B# C g %> PJ? S < fe-^ft O^ftV^fr-efcoT* A n X d < 1 . 3 O^mfttg^ 
ftill , »oS<4!), A n X d > 1 . 4 0 ium-Cl4*jj*#l»< J&SfctOrajHtffc 
U ff * L < *V*. 

[ 0 0 6 9 ] 
(^£K0K 12) 

SI 5 tt*$6HI!©»jR3H 1 5 <b &cSf*3i 1 7 E* <Z> 38 SB 9 

-«ftM<z>R»*jj* , *-Bi-e&*. *-rsi^s:Si0j-rso 1 ii±rai3tiv 14 

ttffiffiSS? -f ;i/A> "l 7 tt_tfljas«, 3(ij$I, 1 8tiTlIS, 5 itTmmit 
fi, 6 y > JbfflISS 1 7_h£J*;ij9-:7>r;i/*7^ Mil 

8 fctttt, Tflflg& 1 8 ±Cti«-^«a 1 5tR»fc. & fill 7 -f ;UA 1 4 # 

[0 0 7 0] 

s. 3 0 i4«ft^*^/<o£*^rfi (S^fo) -e*y, 3 1 fct_h<mift&<7>^i§ 
tt^ft, 3 2 ^jbiiS(7)5 tr>^^tRi, 3 3 tfTiasro? tr>^^fpj, 34 

#TflB«#«0>i8ii*;&lRU 3 5 *'fiffii7 -f ;t/ A<7>5£#;£ ft T- & 3 . CCT-_h 
MS«(7)9 tf^/^^f&I t^a^^^O&^^fi^^-r^S 4 0 £ 3 0° JC, 
(B*«[a)3iil»^lRli:ffifflSS7 A ^AOJ£#^lS)*'«tft«4 4 £ 5 4° Jc, ft 



= PQS53944 ^ - (1 9/2 6 ) 

try vjsfa&te-t 8g 4 3 & 4 3 • icia^Lfc. coj: e> tsas-rs eciim 

[0 0 7 1 ] 

3-50249 ^2;i&x-mmzixfc&mm&mmm<D stn^ 
— Kt'feot, My h v v to.- <r<< it 1 /4 8 0 x 

A^^^f, ©-ig-lft^M I 3p S ft ^ /£ tt H! O * W < , fifei/^^WS 

3 4 8 2 3 0-*£*KtCBB3jSS:h,T^.&¥Sfcfc:fEo"C#9-f >I^B#giRIgft£?7-p 

[ 0 0 7 2 ] 
(*iSW 1 3 ) 

«i^«a 8*»w, ^ g & 4 _hic«:<i -*§•>&£ 9 , &®.%mwL&m 

5 jxo>*>\v zmomm izmm&s, itmnb^mx.*. umfi^owfe 

[ 0 0 7 3 ] 

mi 8ii^iMi 3 cfew« i RWffl*5-tt*««o!)##<z)B8«&^ r ria'e* 
a. 3 0 ttHEn-rt* ;uw**^[pi 3 1 \z±m mutual mm 

mufa, 3 2 #_fcM3£fi<z>9 try i^i . 3 3 *'TiiSffl7 tr>^*ifii^*6 
. 3 i T?±ffliii6s«)9 tr> fca*^*;!/©**^^*** -r ftfi 4 0 & 6 2 



^g##= P0SS 3 9 4 4 (20/26) 

tt i; % ffi * o T x iff a. y h 5 X h ^ ^ #«T*6 £ & & „ 
[ 0 0 7 4] 

Cfttt, ^8?¥3-2237 1 5 •^•^$g1?Sllg^nfc 1 tt«3t«a<Z>*^^-5; 
[ 0 0 7 5 ] 

# 1 : io, & tjptyry £M<D a ^.m^if^sm^. fs^feiix = o. 3 8 

* y = 0 . 31, S/T>*^-fetex = 0. 28, y = 0. 3 2 T? & o „ 

[ 0 0 7 6 ] 
(£ifiW 1 4 ) 

0£ t^, III k.R*t1Rt ©IBUcEJt*»feo-C (^M^J 1 3 ft ft <) »<&K<y 
[ 0 0 7 7 ] 



j3g#-El- = PQS53944 s<-V (2 1/ 26) 

[0 0 7 8 ] 

v BX t. tt^^ & T* 

v h ft 3 K v h T?*J&£ «£oT 4 8 0X6 4 OiS^^VGAO^^^fre) 

fc&lcfciu 4 8 0 X 6 4 0 X 3 K»;hA ( i5Ht^ofc, i/7>t*?)2feA7- 
7 -f )l$ ^ffl^-S^-a-tCti, 4 8 0 X 6 4 0 X 2 F i yM , iKlT'feof:. L^b 
ft^^lMl 4 tt, *9-«ftS6«"C*y&#*>4 8 0 X 6 4 OMIfVGA 

[ 0 0 7 9 ] 

IIMi 4©Mtt, W*.«£lfiW 4 ■<?&.&. fc^*^ £ fx ? &c 

j: e> fci^fc-r s. iii i 9 (c— w**ifc©f, z. omizfe xmm-t & 0 

ZlltCli 1 6X4 8Il^a^^tlt^2>. (a) it fs 9 - ~3 -4 Jl # GO 12 & ^ 

tit-fey, # ( r r j -e^Lfc) ^ ^ 7 > ( rcj -e^bfe) a^if-r^tc 

2£A,-?r^.5>. ifefc (b) i: (c) tt*y K*; h i: :* ? Kf h (D^^^m'tmx$> 
So :*> K9 h teHf^^^&£fc&Ay ^i/^-e^Ufco (b) * 5 

-7 >r ;i/#BB?iJ£&3il/T tlcdj t^o^tc^-^^-a-fc^wtrfe^^^ fbiz 

S?K SifeKlJK TLCDJ ft T 1, X. -5 . «otVGAro)!fMT-eiS 

^^"TIBT?**. (c) (b) W#ft»f7>ftK*;h«tf^ 

i/bfcfctf)-^ #^JCM< TLCDJ tt/T^ntIA5, ICiHlOK*; 

[0 0 8 0] 



jggi#-Sj-= PQS53944 s<-i? (1 1/1 6 ) 

[ 0 0 8 1 ] 
[36 38 

CBS l 3 

& & o 

CH 2 ] 
[B 3 ] 

*i^o^iM2, mmmi. ^t&ms, fc^tf^aitfii 1 o~ 1 4 tftw-as 

CH4 3 

*38«!liC!>£iS09 3 ic;Btt5£Jtffi;to9-«Ji£tt<Z>*5-:7 -f ;i/ * <Z) # % 4* 
& 5% f 19 1? * 6 . 
CIS 5 ] 

*3%w<DnmM 4 , 9issm 5 , mmm 1 1 & *msw 1 4 icfcttssttMij 
[ca 6 ] 

[H 7 ] 

& ^-f hi s . 
[m 8 ] 



&g#-Ej-= P0S53944 s<-i? (2 3/ 26) 

[EI 9 ] 

& ^ -t m *e & -s o 
cm i o ] 

COll] 

aj-rsm-efc*. 
cm 1 2 ] 

•riii-e& s. 

[HI 3] 

cm l 4 ] 

CHI 1 5 ] 

cm 1 6 ] 
cm 1 7 ] 

5. 



nm^%= P0S53944 (24X26) 

[018] 

5." 

[11 9] 

s. 

[02 0] 

cm 2 i ] 

F*J B3fif§ ft «b OTfralfc (IEEE Transactions on Electron Devices, Vol. ED-33, 
No. 8, pp. 1207-1211 (1986)) ©Fig. 8.T?»* 3 ft T VMfc * 5 — 7 -f Jl/ * 

[12 2] 

— ,ft (SID 92 DIGEST, pp. 437-440 (1992) ) <D F i g . 2 7? 

»3S£ft-C^fc*5-:7 -r ;i/*©&3fc4Stefejj**f BIT?**. 

[023] 

5-241143 *§r$t&<Dm 2(a)* ( b) » (c) T'H^^llTH 

[^F^-wmBJ] 

1 _bM<S#iS 

2 *fftg& 
3 

4 *^3£Si 

5 T1I*S 

6 mm%.m& 

7 ^ - 7 ^ ;i/ 3* 

8 *tftm@ 

9 41* ft 

i o antm® 



P0S53944 ^t- V (2 5/2 R 1 

11 MI Mm? 

i 2 

13 A V t> 5 h 

1 4 &ffif7 -r ;ua 

i 5 ft -5§-®@ 

i 6 i&m.Kmwi*Mi3itcmmnm 

1 7 ±mmwL 

1 8 T11S 

21 ft? 4 )V $ V )\s 

22 ^7^;U3?(7)X^^h;i/ 

2 3 *^-f;i/3f(7)^^^h;u 

2 4 'fin - 7>fju^(7)x^^h;i/ 

2 5 i/yyy -r ;u £ o ^ # h ju 

2 6 V-tf^^^-f^^COX^^h;!/ 

3 0 ?Sffi^^;KJ5**^fRl (fi^^l^) 
3 1 _hflj«3te«©a»tt#ft 

3 2 _hfi(I^^ (&*VWi*fffi3£«) O)^ \±y Vfifa 

3 3 TISS CfeSOiiaS^aSS) C7)^h*>^^I&I 

3 4 T«'JM#&c7>iij®#;fr|nj 
3 5 4 ;uAcz>3f#;frft 

40 3 0 i:32)tCftt^S 

41 3 U3 2^«!tftg 

42 SSW 1 ;^^ 

43 3 3 t34^4'tftg 

44 3 U3 5*<«:t^g 

45 3 2 t3 5^*f^I 
5 1 Aftft 

5 2 R®% 

5 3 jES»***>i:Ufc3 0flE3-> 



POS 53944 sl-*J (2 6/26) 

6 1 *ffa**i:!B*M#fi*S1H« 

62 2/ T > 7 ;i/ £ 

6 3 # 7 -f ;i/ £ 



g # -Sf = P0S53944 



im i ] 



mm 



■^-3? (1X2 3 ) 




&m& J %= P0S53944 
[BO 2 ] 



^-£> (2X2 3 ) 
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cm 3 ] 




■f = PQSR.1944 



CH 4 ] 



s<-Z? (4/23) 




&a#-g-= P0S53944 
[15 ] 



s<-j? (5/2 3 ) 




tt»*4» = P0S53944 
[® 6 ] 
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P0S53944 (8X2 3 ) 

CHI 8] 



1 



^g##= PQS53944 
[19] 



s<-V ( 9 / 2 3 ) 




jgg#-5§- = P0S53944 



[HI 0] 



s<-iJ (10/2 3) 



1 o i 




mm&-&= P0S53944 



im i i ] 



^-^ (11/23) 




<*g*-fr = P0S53944 



[H 1 2 ] 



(12X23) 
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mnm^r= POS 53944 



[H 1 3 ] 



(1 3/2 3 ) 
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s<- Z? (14/23) 



= P0S53944 



1 4] 



&g#-S§-= PQS53944 



(II 5] 



s<-V (15/23) 




^g##= PQS53944 
[017] 



(1 7/23) 
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s<- (18X23) 



tl#f=PQS53944 
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rarnrararanranranranrararamrararanisnran^ 



nrararamramrsrnranranirarsrararanramrara^ 

raniramranranranramrararanrararanranran^ 
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rarnranranranranramrararanrararanram^ 
mranranranRJ ^^ mrar ^ rarjr;j ^^^Pjg 
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jgg #-£§•= P0S53944 

im 2 0 ] 



s<-i? (2 0 /2 3) 




&g##= P0SS 3944 



[B21] 
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^- ^ ( 2 2 / 2 3 ) 




MEg#-g- = P0S53944 



[023] 



^- V (2 3X2 3 ) 




%fg&-§-= P0S53944 (1X1) 

[RBI W&<. n> h9*h#Wofi#ffl:fr5-ttft«SfcSI{ft-r6. 

4 5 0 nmfrfc 6 6 0 nm<Z)$SBCD:£T<7)i£:R(7>3fe&C*fb 3 0 %JEt±<Z>iS 
[8ftB9] 19 
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